Abstract. Bone sarcomas, which comprise less than 1% of all human malignancies, are a group of relatively rare mesenchymal-derived tumors. They are mainly composed of osteosarcoma, chondrosarcoma and Ewing's sarcoma. In spite of advances in adjuvant chemotherapy and wide surgical resection, prognosis remains poor due to the high propensity for lung metastasis, which is the leading cause of mortality in patients with bone sarcomas. Chemokines are a superfamily of small pro-inflammatory chemoattractant cytokines which can bind to specific G protein-coupled seven-span transmembrane receptors. Chemokine 12 (CXCL12), also designated as stromal cell-derived factor-1 (SDF-1), is able to bind to its cognate receptors, chemokine receptor 4 (CXCR4) and chemokine receptor 7 (CXCR7), with high affinity. The binding of CXCL12 to CXCR4/CXCR7 stimulates the activation of several downstream signaling pathways that regulate tumor progression and metastasis. In this review, the structure and function of CXCL12 and its receptors, CXCR4 and CXCR7, as well as many factors affecting their expression are discussed. Phosphoinositide 3-kinase (PI3K) and mitogen-activated protein kinase (MAPK) pathways are the two most important downstream pathways regulated by the CXCL12-CXCR4/CXCR7 interaction. CXCR4 expression in bone sarcomas, including tumor cells and samples and the correlation between CXCR4/CXCR7 expression and the survival of patients with bone sarcomas are also discussed. In addition, we review the involvement of the CXCL12-CXCR4/CXCR7 axis in the growth and metastasis of bone sarcomas and the targeting of this axis in preclinical studies.
Introduction
Bone sarcomas. Sarcomas are a group of relatively rare mesenchymal-derived tumors which account for <1% of all human malignancies (1, 2) . They can be divided into three categories, including intermediate tumors, malignant roundcell tumors and malignant non-round-cell tumors based on differences in their biological behavior and treatment (1) . Osteosarcoma (OS), chondrosarcoma and Ewing's sarcoma are the three most common tumor types in bone sarcomas.
OS is the most frequent primary malignant bone tumor, mainly occurring in children and adolescents (3) . It is often localized to the distal femur and proximal tibia regions with
The role of the CXCL12-CXCR4/CXCR7 axis in the progression and metastasis of bone sarcomas (Review) a high propensity for lung metastasis, which is the leading cause of mortality and is detected in 13-27% of patients with OS at diagnosis and in 40% of patients at the developmental stage (4) (5) (6) . Despite advances in adjuvant chemotherapy and surgical-wide resection, the five-year survival rate for patients with OS without and with metastases is 60-65% and 20-29%, respectively (6) .
Chondrosarcoma is the second most common primary malignant bone tumor which predominantly occurs in adults over 40 years of age (7, 8) . Due to its poor response to both chemotherapy and radiotherapy, surgical resection remains an effective treatment for chondrosarcoma at present (9, 10) . This mesenchymal malignancy has a poor prognosis with local recurrence and the five-year survival rate being 24-33% and 64-77%, respectively (11, 12) . The predilection sites of chondrosarcomas are the pelvis and femur; nevertheless, the majority of chondrosarcomas grow slowly. Although metastasis is infrequent, the lungs are still the most common metastatic site in chondrosarcomas (13) (14) (15) .
Ewing's sarcoma, an aggressive round-cell sarcoma, mostly occurs in children and young adults, and is characterized by a high metastatic potential and unfavorable prognosis (16) (17) (18) . The lungs and bone are the most common target organs. Approximately 25% of patients with Ewing's sarcoma suffer from metastatic disease at diagnosis, which is usually associated with a fatal outcome (16, 17) .
Chemokines and their receptors.
Chemokines are a superfamily of 8-12-kDa chemoattractive cytokines constitutively secreted by stromal cells, including fibroblasts and endothelial cells (19, 20) . At present, >50 chemokines have been identified and they can be divided into four groups (C, CC, CXC and CX3C) based on the number and position of conserved cysteines, where C represents the number of cysteine residues and X denotes the number of intervening amino acids between the conserved cysteines (21) (22) (23) . Chemokines were initially discovered as essential mediators in the process of the directional migration of leukocytes to the infection and inflammation sites (24) and have been increasingly demonstrated to regulate tumor development and metastasis (25) .
Chemokine receptors are G protein-coupled seven-transmemberane cell surface receptors to which their ligands bind with high affinity. To date, at least 20 chemokine receptors have been confirmed (22) and these receptors can also be classified into four subtypes [CXC chemokine receptors (CXCRs), CC chemokine receptors (CCRs), XCR and CX3CR] on the basis of their specific preference for some chemokines (26) . Chemokine receptors were originally identified on leukocytes, where they have been proven to play a crucial role in inflammation (27) . Not only can the same chemokines bind to different receptors, but more than one chemokine is able to bind to the same receptor to a certain extent (19) . However, certain chemokines only interact with a single receptor (22) . The binding of chemokines to their receptors stimulates the activation of several downstream signaling pathways that regulate tumor progression and metastasis (21) .
CXCL12. Chemokine 12 (CXCL12), also designated as stromal cell-derived factor-1 (SDF-1), secreted by stromal cells including fibroblasts and endothelial cells as mentioned above is a member of the CXC subfamily of chemokines. It is widely expressed in a number of organs, such as the lungs, liver, skeletal muscle, brain, kidneys, heart, skin and bone marrow (19) . Its primary role is in the homing of hematopoietic stem cells to bone marrow (28) . The involvement of CXCL12 in the metastasis of various types of cancer has also been previously demonstrated (20) . Increasing evidence indicates that CXCL12 can promote proliferation and survival in ovarian cancer (29) , prostate cancer (30) , breast cancer (20, 31, 32) , glioma (33) and glioblastoma (34) . However, it has been reported that there are minimal or negligible effects on the survival and growth of myeloma in the presence of CXCL12 in vitro (35) . On the one hand, the expression of CXCL12 can be affected by a number of factors. It has been reported that DNA-damaging agents, such as irradiation, cyclophosphamide, or 5-fluorouracil upregulate CXCL12 expression in mouse marrow and cultured cells (36) . Hypoxia-inducible factor-1α (HIF-1α) induces CXCL12 expression in hypoxic or damaged tissues (37) . Besides, it is carcinoma-associated fibroblasts (CAFs) rather than normal fibroblasts that elevate CXCL12 expression (32, 38) . Nevertheless, CXCL12 expression is reduced by granulocyte colony-stimulating factor (G-CSF) in the process of inducing hematopoietic stem cell mobilization (39) . On the other hand, CXCL12 can stimulate the secretion of other factors. It has previously been demonstrated that matrix metalloproteinase-9 (MMP-9) expression is upregulated in the presence of CXCL12 when investigating the involvement of the CXCL12-CXCR4 axis in the metastasis of prostate cancer and OS (40, 41) .
CXCR4.
Chemokine receptor 4 (CXCR4), initially discovered as co-receptor facilitating the entry of T-tropic (X4) HIV viruses into CD4 + T cells, is the cognate receptor of CXCL12 (42, 43) . It has been found that CXCR4 is expressed in a wide range of tissues, including brain, lymph node and small intestine tissues (21) , as well as in monocytes, B cells, naïve T cells and early hematopoietic progenitor cells in the immune system (22) . It should be noted that the overexpression of CXCR4 can be detected in no less than 23 different types of human cancer (44) . Tumor cells expressing CXCR4 are more likely to migrate to organs with an abundant source of CXCL12 (19) . Similar to CXCL12, the expression of CXCR4 is regulated by a number of factors, among which HIF-1α is the most frequently mentioned. Under hypoxic conditions, the von Hippel-Lindau (VHL) tumor suppressor gene, which induces the degradation of HIF-1 is inactivated (26) . Therefore, elevated levels of HIF-1 stimulate CXCR4 expression via the VHL-HIF-1 pathway in renal cell carcinoma (RCC) (45, 46) and non-small cell lung cancer (NSCLC) (47) . The vascular endothelial growth factor (VEGF) regulated by HIF-1 can also induce CXCR4 expression in breast cancer cells (48) and glioblastoma (49) . It has been confirmed that human epidermal growth factor receptor 2 (HER2)/neu detected in approximately 30% of breast cancers elevates the expression of CXCR4 by inhibiting its degradation (50) . Additionally, transforming growth factor-β (TGF-β) (51), interleukin-5 (IL-5) and interferon-γ (IFN-γ) (52) released by stromal cells and interleukin-17A (IL-17A) (53) secreted by T cells induce the expression of CXCR4. Of note, certain studies have reported that CXCL12 itself can alter CXCR4 expression in tumor cells. The increasing or reducing effect of CXCL12 on CXCR4 expression largely depends on the type of tumor. The surface expression of CXCR4 in oral squamous cell carcinoma (54) and OS cells (55) has been shown to be induced by CXCL12. However, Perissinotto et al (41) pointed out that CXCL12 downregulated CXCR4 expression in an OS cell line (SJSA) due to CXCR4 internalization induced by the increase in intracellular CXCR4 expression (Fig. 1 ).
CXCR7. CXCR4 has long been considered as the only receptor which binds to CXCL12 and regulates the biological effects induced by the CXCL12-CXCR4 pathway. However, this theory was challenged by the fact that chemokine receptor 7 (CXCR7; (RDC-1) was identified in 2005 as a novel decoy receptor of CXCL12 participating in CXCL12-CXCR4 signaling and can bind to CXCL11 (I-TAC) with low affinity (56, 57) . Similar to CXCR4, the elevated CXCR7 expression can be detected in a number of tumors and plays an important role in promoting growth and metastasis in tumor models in vivo by regulating neoangiogenesis and organ-specific metastasis (22, (58) (59) (60) . As opposed to the conclusions drawn by the majority of reports that CXCR7 is a positive regulator in the proliferation/metastasisenhancing effects on tumors induced by the CXCL12-CXCR4 interaction, it was revealed by Liberman et al (24) that CXCR7 eliciting anti-tumorigenic functions significantly reduced the CXCL12-CXCR4-mediated growth of CXCR7-expressing neuroblastoma cells in vitro and in vivo. Of note, in contrast to CXCR4, CXCR7 expression did not correlate with neuroblastoma grades but with tumor differentiation in their study. These results are consistent with another report that CXCR7 acts as a negative regulator of CXCR4 and abolishes the function of CXCL12 (61).
Downstream pathways involved in the CXCL12-CXCR4/ CXCR7 interaction
It is already accepted that the binding of CXCL12 to CXCR4 or CXCR7 leads to the activation of several downstream pathways that regulate cell chemotaxis, survival, proliferation and migration (19, 62, 63) . The phosphoinositide 3-kinase (PI3K) and mitogen-activated protein kinase (MAPK) pathways are most frequently investigated in related studies. The PI3K and MAPK pathways have been found to play a key role in tumor cell survival and migration (34, 40) . PI3K activation can result in the phosphorylation of Akt, which induces the activation of nuclear factor-κB (NF-κΒ) transcription factors (19, 64, 65) . MAPK pathways, including extracellular signal-regulated kinase (ERK)1/2, c-Jun N-terminal kinase (JNK) and p38 can also stimulate the expression of NF-κΒ transcription factors (66) . Chinni et al (40) demonstrated that CXCL12 induced MMP-9 expression regulated by NF-κΒ activity in prostate cancer cells by activating the PI3K-Akt-NF-κΒ and MEK pathways and that pre-treatment with LY294002 (PI3K inhibitor) and U0126 (MEK inhibitor) abolished the effects induced by MMP-9 through the CXCL12-CXCR4 interaction in PC-3 cells. They also suggested that PI3K may be upstream Figure 1 . Factors affecting the expression of chemokine 12 (CXCL12) and chemokine receptor 4 (CXCR4). The expression of CXCL12 secreted by stromal cells and carcinoma-associated fibroblasts is upregulated by DNA-damaging agents and hypoxia-inducible factor-1α (HIF-1α), whereas it is downregulated by granulocyte colony-stimulating factor (G-CSF). The expression of CXCR4 detected in tumor cells is elevated by transforming growth factor-β (TGF-β), interleukin-5 (IL-5), interferon-γ (IFN-γ) secreted by stromal cells and IL-17A by T cells. Von Hippel-Lindau (VHL) and HER2/neu are two genes which regulate CXCR4 expression, although with opposite effects. VHL induces the degradation of HIF-1α, which is the activator of the vascular endothelial growth factor (VEGF) and CXCR4. However, HER2/neu induces CXCR4 expression. Ying Yang 1 (YY1) protein is the positive regulator of CXCR4. Chemokine receptor 7 (CXCR7), the second receptor of CXCL12, inhibits CXCR4 expression. CXCL12 itself can alter CXCR4 expression and the effect is dependent on tumor type.
of the MAPK-MEK pathway based on the result that the expression level of MMP-9 regulated by PI3K activity was significantly higher than MAPK activity. Consistent with their conclusions, Leelawat et al (67) indicated that the binding of CXCL12 to CXCR4 induced cholangiocarcinoma cell invasion by triggering the ERK1/2 and PI3K signaling pathways. The stimulation of ERK1/2/IκB kinase αβ (IKKαβ) and NF-κΒ mediated by the CXCL12-CXCR4 interaction has been shown to lead to the upregulation of interleukin-6 (IL-6), promoting osteoclastogenesis in human oral cancer cells (54). Huang et al (55) pointed out that the activation of the MEK-ERK-IKKαβ-NF-κΒ pathway is involved in the CXCL12-induced migration of human OS cells and the increased expression of ανβ3 integrins, which has been found to play an important role in human cancer migration and metastasis (68, 69) . Apart from the Akt and ERK transduction pathways, p38 is also involved in the process of CXCL12-mediated migration of human umbilical cord blood-mesenchymal stem cells (hUCB-MSCs) (70) . This migration induced by CXCL12 was abrogated by LY294002 (PI3K inhibitor), PD98059 (MAPK/ ERK inhibitor) and SB203580 (p38 inhibitor) (70) . However, much less is known about the signaling pathways regulated by the CXCL12-CXCR7 interaction. Heinrich et al (71) observed increased ERK1/2 phosphorylation in pancreatic cancer cells expressing CXCR4 and CXCR7 following exposure to CXCL12. To further elucidate the role of CXCR7 in CXCL12-induced pathways, the CXCR7 knockdown in PC cells resulted in a markedly decreased ERK phosphorylation. Therefore, they suggested that CXCR7 mediates ERK phosphorylation in the presence of CXCL12. Another study (61) revealed that CXCR7 agonist compound 1 activated both Akt and ERK phosphorylation (Fig. 2) .
Expression of CXCR4 in bone sarcomas
As described previously, it has been confirmed that higher levels of CXCR4 expression can be detected in a various types of human cancer compared with normal counterparts. To our knowledge, CXCR4 expression can be evaluated by real-time PCR, western blot analysis and flow cytometry in tumor cells, and immunohistochemical staining and tissue microarray in tumor tissues. Over the past decade, a number of studies have focused on elucidating whether CXCR4 is expressed in bone sarcomas and whether its expression level correlates with metastasis and the survival of patients with bone sarcomas. It was first reported by Laverdiere et al (72) that the mRNA expression of CXCR4 was detected in 63% of OS samples, but was detected at low levels in the cell lines by fluorescent quantitative real-time PCR. Consistent with their findings, Lin et al (73) and Baumhoer et al (74) discovered that 69.6% (39/56) and 73% (159/219) of OS samples expressed CXCR4 by tissue microarray and immunohistochemistry, respectively. However, Figure 2 . Downstream pathways regulated by the CXCL12-CXCR4/CXCR7 axis. The binding of chemokine 12 (CXCL12) to chemokine receptor 4 (CXCR4) or chemokine receptor 7 (CXCR7) can activate the phosphoinositide 3-kinase (PI3K)-Akt-nuclear factor-κB (NF-κΒ) and MEK-ERK-IκB kinase αβ (IKKαβ)-NF-κΒ pathways, which regulate both proliferation/survival and migration/metastasis in tumors. Interleukin-6 (IL-6), matrix metalloproteinase-9 (MMP-9) and ανβ3 integrins induced by NF-κΒ correlate with tumor migration and metastasis. T22, AMD3100 and CTCE9908 block CXCL12-CXCR4 interaction. Nevertheless, AMD3100 is an allosteric agonist of CXCR7. CXCR7 agonist compound 1 could induces Akt and ERK phosphorylation.
Perissinotto et al (41) detected CXCR4 expression in four human OS cell lines (SJSA, MG-63, HOS and U2OS) among which SJSA cells were found to express the highest levels by flow cytometry and western blot analysis. They indicated that CXCR4 expression levels in the cells was affected by culture conditions. Specifically, CXCR4 expression in confluent cells is lower than that in growing cells (41 (76) , showing that approximately 66.6% (20/30) of metastatic tumors were positive for CXCR4 compared with only 33.3% (10/30) of primary ones. Based on these results, they suggested that CXCR4 expression may be associated with the metastatic progression of OS. This conclusion was supported by the results obtained in the study by Lin et al (73) , namely that the percentage of CXCR4-positive samples in metastatic tumors was approximately 83.9% (26/31), whereas it was 52% (13/25) in primary tumors. The positive correlation between CXCR4 expression and metastasis was further verified by Namløs et al (6) . When making the comparison between primary tumors and metastatic ones, they observed a significantly increased CXCR4 gene expression in the metastatic samples. Of note, they demonstrated that primary samples that developed metastases later showed a higher CXCR4 expression than those that did not metastasize. Their study was the first to evaluate the different capabilities of primary OS samples to metastasize by detecting their CXCR4 expression. However, Fan et al (75) observed that 8/11 canine primary OS tumors expressed CXCR4 compared with only 2/8 in pulmonary metastases. The reason why the expression level of CXCR4 in metastatic tumors was lower than primary tumors may be explained by one possibility that CXCR4 was involved in the initial step of mediating CXCR4-positive tumor cells to metastasize to remote organs, rather than the whole process and that tumor cells may reduce its expression once reaching their target organs (75) . Ma et al (77) also demonstrated that there was no evidence to show the positive correlation between CXCR4 and metastasis by observing that CXCR4 was expressed in 48/51 non-metastatic and 9/12 metastatic OS samples (Table I ). In addition to OS, CXCR4 expression has also been detected in chondrosarcoma (22/22) (78) and Ewing's sarcoma (28/44 in therapy-naïve and 7/15 in metastatic tumors) (16).
Correlation between CXCR4/CXCR7 expression and the survival of patients with bone sarcomas
A number of previous studies have demonstrated that CXCR4 and CXCR7 expression is associated with the poor survival of patients with bone sarcomas (1, 16, 72, 73, 78, 79) . Lin et al (73) made a comparison between the two-year survival rate of patients with OS expressing CXCR4 and those not expressing CXCR4. They found that the two-year survival rate of CXCR4-positive patients (32.4%) was significantly lower than that of CXCR4-negative ones (78.9%). In Ewing's sarcoma, similar results were observed by Bennani-Baiti et al (79) , namely that the five-year survival rate for patients with Ewing's sarcoma expressing low levels of CXCR4 and CXCR7 was 90%, whereas for those with high CXCR4 and CXCR7 expression, the survival rate was 54.5 and 45.4%, respectively. Bai et al (78) also demonstrated that CXCR4 expression levels correlated with the chondrosarcoma grade. Given the negative effects of CXCR4 expression on survival, it has been suggested that CXCR4 may be used as a potential prognostic factor in patients with bone sarcomas (1, 72, 73) . Clark et al (80) indicated that compared with traditional prognostic factors, such as metastases and response to chemotherapy usually used during the late stages of disease, CXCR4 as a novel molecular prognostic indicator may facilitate earlier diagnosis and treatment. However, certain studies have demonstrated that there was no significant correlation between CXCR4 and CXCR7 expression and survival (74, 76) . Baumhoer et al (74) suggested that the tenyear survival rate for CXCR4-positive and -negative patients with OS was 68 and 57%, respectively; for CXCR7-postive and -negative patients it was 57 and 61%, respectively.
Involvement of the CXCL12-CXCR4/CXCR7 axis in the growth and metastasis of bone sarcomas
The majority of studies have elucidated the role of the CXCL12-CXCR4 axis in the metastasis of a number of types of carcinoma, including bone sarcoma, as previously mentioned. The disruption of the CXCL12-CXCR4 interaction by CTCE-9908, a small peptide CXCR4 antagonist, has been shown to lead to a decrease in the metastatic potential of OS K7M2 cells in vitro and in vivo (81) . The downregulation of the expression of Yin Yang 1 (YY1) protein, which strongly correlates with the malignant degree of bone tumors induced Table I . Expression of chemokine receptor 4 (CXCR4) in osteosarcoma non-metastatic and metastatic samples. by human SaOs-2 OS cells by small interfering RNA (siRNA), has been shown to reduce CXCR4-mediated migration in vitro (82) . On the basis of the results that mice implanted with YY1-silenced SaOs-2 cells produced fewer vessels in vivo than those implanted with SaOs-2 cells and injected with T22 peptide, a CXCR4 inhibitor, reduced the newly formed vessels in SaOs-2-bearing mice, whereas it was ineffective in decreasing vessel formation in YY1-silenced SaOs-2-bearing mice, de Nigris et al (82) suggested that YY1 was a positive regulator of both angiogenesis and CXCR4 signal transduction. In addition, they found that 9/10 SaOs-2-bearing mice developed metastases compared with only 4/10 YY1-silenced SaOs-2-bearing mice. The treatment of OS cells with CXCL12 induced migration by stimulating the MEK-ERK-IKKα/β-NF-κΒ pathway, which was inhibited by CXCR4-neutralizing antibody, CXCR4-specific inhibitor (AMD3100) and siRNA against CXCR4 (55) . As regards tumor growth and progression mediated by the CXCL12-CXCR4/CXCR7 axis, only a few studies mention it. Miura et al (83) (16) indicated that the activation of the CXCL12-CXCR4 interaction induced the growth, rather than the metastasis of Ewing's sarcoma cells.
Therapies targeting the CXCL12-CXCR4/CXCR7 axis in preclinical studies
The CXCL12-CXCR4/CXCR7 axis is a potential target in interference, resulting in the inhibition of downstream signaling, which regulates tumor growth, survival and metastases. To our knowledge, chemokine receptor-specific antagonists, neutralizing antibodies and siRNA are the three most common methods widely utilized in related studies. The CXCR4 antagonist, AMD3100, a small bicyclam molecule, was initially used to prevent X4-Tropic HIV-1 viruses entering CD4 + T cells via CXCR4 (84) . De Clercq (85) suggested that the effective concentration range of AMD3100 used to inhibit HIV was 1-10 nM and it was not toxic to the host cells even when AMD3100 was used at concentration of up to 500 μM. Its safety and efficiency in stimulating hematopoeitic stem cell mobilization in patients with multiple myeloma and lymphoma has been demonstrated in clinical trials (86, 87) . Due to the role of CXCR4 in tumor growth and/or metastasis, a number of studies have reported that the treatment of tumor cells with AMD3100 reduces the proliferation and migration induced by CXCL12 in vitro (16, 55) . Berghuis et al (16) found that the proliferation-increasing effect of CXCL12 on CXCR4-positive Ewing's sarcoma cells in the absence of serum was abrogated by AMD3100. Treatment of human OS cells with AMD3100 also inhibited the CXCL12-induced migration, as indicated by Huang et al (55) . However, when exploring the effects of AMD3100 on survival and proliferation of two myeloma cell lines, Kim et al (88) for the first time observed that AMD3100 at a high concentration initially promoted the proliferation of myeloma cells under serum-deprived conditions for up to five days and subsequently inhibited its proliferation by blocking the binding of CXCL12 to CXCR4 in vitro. Of note, Kalatskaya et al (89) indicated that AMD3100 bound to CXCR7, as well as CXCR4, although with opposite effects, indicating that AMD3100 is an allosteric agonist of CXCR7.
siRNA is capable of inducing the constitutive inhibition of CXCR4 expression which facilitates a more precise assessment of the involvement of CXCR4 in tumor growth and metastasis (90) . To determine the effects of CXCR4 knockdown by siRNA on tumor growth and metastasis in vivo, Lapteva et al (90) injected CXCR4-negative MDA-MB-231 breast cancer cells (in which CXCR4 expression was downregulated using siRNA) and CXCR4-positive MDA-MB-231 breast cancer cells into mammary fat pads of mice. They found that none of the mice implanted with CXCR4-negative cells developed tumors for up to 45 days, whereas all the mice inoculated with CXCR4-positive cells developed tumors within three weeks. These results are consistent with those of a previous study by Smith et al (31) , indicating that the reduction of CXCR4 expression in murine 4T1 breast cancer cells by siRNA delayed tumor growth in mice. They also demonstrated that AMD3100 was less effective than siRNA in delaying tumor growth in vivo by blocking CXCR4 signaling; this was due to the variable antagonism of CXCR4 produced by the rapid decrease in plasma levels of the compound after dosing compared with the persistent inhibition of CXCR4 expression by siRNA (31).
Conclusion
Bone sarcomas primarily including chondrosarcomas and Ewing's sarcomas are a group of relatively rare mesenchymalderived tumors. Despite their low percentage in all human malignancies and advances in adjuvant chemotherapy and surgical-wide resection, prognosis remains poor, mainly due to the high propensity for lung metastasis, which is the leading cause of mortality in patients with bone sarcomas. It has been demonstrated that the CXCL12-CXCR4/CXCR7 pathway plays a pivotal role in several biological processes. CXCL12 and CXCR4 expression can be affected by a number of factors and the binding of CXCL12 to CXCR4/CXCR7 stimulates the activation of several downstream signaling pathways that regulate tumor progression and metastasis. The expression of CXCR4 is detected in bone sarcomas and is associated with the metastasis and survival of patients suffering from this type of malignancy. Therefore, CXCR4 may be used as a potential prognostic factor to facilitate earlier diagnosis and treatment in patients with bone sarcomas. CXCR7, the second CXCL12 receptor, may serve as a negative regulator of CXCR4 and plays an opposite role in CXCL12-CXCR4 interaction. The disruption of the CXCL12-CXCR4 pathway by AMD3100 and siRNA abrogates the CXCL12-induced proliferation and/ or metastasis of bone sarcoma cells. It is anticipated that the targeting of the CXCL12-CXCR4/CXCR7 pathway may be utilized as a promising therapeutic strategy in the near future.
